The speaker's numerical estimation of his own vocal level, the autophotdc response, was found to grow as the 1.1 power of the actual sound pressure produced. When listeners judged the loudness of another speaker's vocalization (the phoneme [a]), the exponent was 0.7. The disparity between these exponents suggests that the speaker does not rely solely upon his perception of loudness in judging his own relative vocal level. The minor role played by loudness in the autophonic judgment is further demonstrated by the fact that the form and exponent of the subjective scale for autophonic responses remain relatively invariant under Mde changes in auditory feedback.
LTHOUGH most of the sounds we hear are generated by external sources, we generate a great many ourselves. Is the loudness scale different for a listener who is also his own source of sound? When judging his own vocal production, his aulophonic output, does a person depend upon his perception of loudness, or does he judge some other variable, such as muscular effort? These questions set the stage for the present attempt to determine the speaker's subjective scale for his aulophanic response.
The development of the sone scale for loudness I has served both as a prototype and as a catalyst for much current research on subjective scaling in other modalities. As a result, a variety of new techniques for ratio scaling and for its validation have become available. For the assessment of the relative psychological magnitudes of vocal levels, as judged by the speaker himself, the methods of magnitude production and magnitude estimation ø-were employed in the studies reported here. The validity of the subjective scale thereby obtained was tested with the aid of a third method, crossmodality matching. a Finally, the role played by perceived loudness in determining the subjective magnitude function for autophonic level was assessed by varying the amount of auditory feedback and by masking the feedback completely.
PROCEDURE

Magnitude Production
The subject was asked to produce the vowel phoneme The masking noise used to suppress auditory feedback was produced by passing a white noise through a filter (UTC-4C) with cutoff frequencies set at 100 and 2000 cps.
Magnitude Estimation
The method of magnitude estimation requires that the subject make a direct numerical estimate of the psychological magnitudes of a series of stimuli. Usually the experimenter presents a standard stimulus and assigns it a numerical value (such as 10). He then presents other stimuli and the subject assigns numbers to them proportional to their apparent magnitude. In the studies reported here, the stimuli were vocal levels of the vowel phoneme [a], produced by the subject himself. The subject watched the effect of his voice on the needle of a VU meter whose scale had been obscured, and his task was to center the pointer on the face of the meter. The experimenter controlled the gain in the microphone circuit and thereby determined the vocal level necessary for centering. The experimenter selected an intermediate gain setting as the standard and assigned the value 10 to the vocal level required to center the needle on the VU meter. The gain setting was then changed, and the subject was again asked to center the needle. The experimenter monitored the vocal productions on a .separate meter (Ballantine VTVhl). As soon as the subject held the needle centered within a 3-db range for approximately 2 sec, he received a signal (a light flash). Thereupon the subject stopped vocalizing and estimated the autophonic level of his production by assigning it a number proportional to its apparent magnitude. The method of magnitude estimation was used under three of the four conditions of auditory feedback described earlier: open ears, wearing earphones, and wearing earphones with masking noise.
In addition to the use of the method of magnitude estimation in determining the autophonic function, this method was employed in two experiments on the loudness of speech produced by an external source. In one experiment, a speaker gave vocal productions of the phoneme [a] at six sound pressure levels equally spaced over a 36-db range. As in the experiments on magnitude estimation of vocal effort, the speaker was required to center the needle on a VU meter while the experimenter controlled the gain in the microphone circuit. Judgments of the speaker's loudness w•re made by each of 10 listeners.
In a second experiment, a single production of the phoneme [a] at a medium level was recorded on a loop of magnetic tape and played back at about the same levels as those employed in the prior study of the loudness of live speech. Ten subjects, eight of whom had served in the first experiment, made loudness estimates.
Cross-Modality Matching
Under the method of cross-modality matching, the experimenter presents a series of criterion stimuli (in one modality) and the subject produces stimuli (in another modality) that seem equal in apparent intensity. For the experiments reported here, the criterion stimulus was a band of noise (100 to 2000 cps) presented at six levels over a 50-db range. The noise was generated by a loudspeaker in one experiment, and by earphones in another. The criterion stimulus was presented for 2 sec, and the subject then produced the phomene so that its apparent intensity seemed to him equal to that of the criterion.
The level of the criterion noise was controlled by means of calibrated attenuators and was monitored on a vacuum-tube voltmeter (Ballantine). The level of the vocalization produced to match the noise was read from the graphic level recorder.
In a related procedure, the criterion stimulus was the vocal sidetone produced by the subject, and the subject's ta•k was to vocalize so as to compensate for, rather than match, changes in the intensity of the criterion. That is to say, the subject was instructed to hold the loudness of his voice, as he perceived it, constant under various levels of sidetone.
Some 40 different subjects participated in one or more of the varions experiments. Twenty-four sul•jects were quarter and one-eighth maximum. The average decibel differences obtained in the three successive halvings were 4.5, 6.2, and 7.3 db. These results may be compared to those obtained when the method of magnitude production is employed. Because a power function describes the relation between actual and perceived magnitude of vocalizing ( Fig. 1) , a constant subjective ratio corresponds to a constant stimulus ratio (constant decibel difference). Since the exponent of the autophonic function obtained in the present study is 1.1, the decibel difference predicted for the subjective ratio of one half is 5.5 db, which is close to the average value for halving obtained by Clark et al.
VARIABILITY
Although our primary concern is with the exponent of the autophonic scale, it is of interest to examine the variability associated with each of the assessment techniques and to try to diagnose its sources. Table I Stevens 8 has enumerated three sources of variability associated with ratio-scaling methods: (1) variability due to the subject's choice of modulus, i.e., his conception of the standard; (2) variability due to the subject's conception of a subjective ratio; and (3) variability due to differing sense-organ operating characteristics. The data obtained by both methods, magnitude production and magnitude estimation, are subject to all three sources of variability, but with the method of magnitude estimation as used here there is relatively little variability due to the choice of modulus. In the method of magnitude estimation the modulus was determined by requiring the speaker to produce a given vocal level (which centered the needle on the VU meter). This standard level was called 10. The only significant source of variability due to the modulus was presumably the scatter attributable to the inability of the subject to remember the standard. In magnitude production, however, the subject was free to select his own modulus, with the sole constraint that the vocal production be of "medium" level. With the method of magnitude production, therefore, the standards varied from one speaker to another. That component of the total variance that was due to the subject's choice of modulus was removed by treating each vocal response in the following way. A grand mean of the vocal productions of the group was first computed. The mean of all the responses by a given subject was then subtracted from the grand mean and the difference was added to each one of that subject's vocal productions. This operation left unchanged the slope of each subject's magnitude function for autophonic output, but it minimized the sum of the squared deviations of his productions around the regression line for the group. The standard deviations of the productions so treated are shown in column 3 of Table I . We note that almost half the total variability obtained with the method of magnitude production is accounted for by the fact that each subject chooses a different modulus. In other words, cross-modality matches should produce a function that is a straight line when plotted in logdog coordinates and has a slope given by the ratio of the exponenfs n and ns.
In order to verify the form and exponent of the subjective autophonic function by cross-modality comparisons, two experiments were performed in which subjects were asked to match their vocal level to a white noise, presented at various intensities by loudspeakers or by earphones. Figure 3 shows that the resulting equal-sensation function has a slope of about 0.5, which approximates the ratio of the previously determined exponents for loudness and autophonic response.
The matching of the apparent intensity of autophonic production to that of an external sound closes a circle in a process of validation. The 10 subjects who matched vocal level to the loudness of noise presented over a loudspeaker (top curve, Fig. 3 ) also served in the experiment on magnitude production of autophonic level described above (Fig. 1) and in an experiment on loudness estimation. The slope of the autophonic function for this particular group was 1.06. When these subjects estimated the loudness of various levels of white noise, covering a range of 50 db, the resulting Auditory feedback not only steepens the slope of the subjective function; it also changes the overall level at which a person vocalizes. (This change in over-all level as a function of auditory feedback is discussed in a later section.) When the autophonic response is assessed by the method of magnitude production, these two effects of auditory feedback turn out to be nonindependent. With decreased auditory feedback (masking), for example, the subject tends to choose a modulus whose intensity is high relative to that chosen under the standard conditions. Because there is an upper limit to the sound pressure that a subject can generate vocally, an upward shift in the level of the modulus decreases the subject's available range. If this shift in modulus is great enough, the subject can no longer produce a range of vocal levels appropriate to the designated criterion values and, as a result, the function describing the autophonic scale becomes artificially steepcued. The increase in slope resulting from a shift in the intensity of the subject's chosen modulus was most pronounced when the auditory feedback was minimal (magnitude production under masking, the steel) function in Fig. 4). •a Under the standard conditions the subjective function has a slope of 1.17 (Fig. 1) , and under masking a slope of 1.36 (l:ig. 4). An analysis of the vocal-production data oblained under masking showed that this difference in the exponents for the subjective scale is correlated with an upward shift in the subject's overall intensity. The mean vocal intensity for each subject was computed and the data were separated into three equal groups: The function relating vocal level to tooneural sidetone (Fig. 7, filled squares) has a flatter slope (--0.4) than that for binaural sidetone. This may be due to the fact that the subjective scale for tooneural loudness has a slightly lower exponent (about 0.54 rather than 0.6). la It is also The uppermost curve in Fig. 7 (diamonds) shows the effect of changes in sidetone level on the intensity of the subject's "modulus," i.e., the voice level he considers mediuln. These data are from experiments reported above on the effect of augmented sidetone on the autophonic function. When asked to vocalize at a medium level, the subject produces a sound pressure that varies inversely with the sidetone gain.
One means of attenuating the effective sidetone is to produce a temporary hearing loss. Black •* subjected his talkers to 2 hours of noise at 110 db and then measured, at 3-min intervals after the termination of the noise, both the hearing loss and the vocal level produced in the reading of phrases. As shown by the untilled triangles, the subjects compensated for the hearing loss by raising their voices. In Fig. 7 hearing loss is plotted as increasing toward the left, i.e., in the direction of decreasing sidetone level. We now come to the bottom curve in Fig. 7 (filled triangles). There we see that, despite the tendency of speakers to lower their voices when the sidetone gain is raised, most speakers can maintain a fairly constant voice level if instructed to do so. Under instructions to hold vocal level constant despite sidetone changes, the average vocal level of ten subjects changed less tban 3 db under an 80-db change in sidetone gain. Comparison of the two functions, compensation and constancy, shows that, when he is instructed to hold sidetone loudness constant, the subject cannot ignore vocal effort, but when he is instructed to hold his vocal effort constant he can ignore sidetone loudness. This finding adds further support to the view that effort plays a major role in a speaker's judgment of his own vocal loudness, but that vocal loudness plays only a minor role in his judgment of autophonic output.
